SUMMARY Stereotaxic lesions in either or both amygdala did not impair verbal learning ability (presented by ear as a paired-associates test). Centre median lesions alone did not impair this form of learning; however, when combined with a left amygdala lesion a significant decrease in scores occurred which persisted for up to two years after operation. The data support a hypothesis that medial thalamic structures have alerting functions in learning mechanisms.
Clinicians have long reported memory disturbances after not only major loss of tissue from the cerebral hemispheres but discrete lesions in the hippocampal-mammillary circuit and tumours of the floor of the third ventricle. In some patients these tumours involved thalamic structures (see case reports and literature reviews, Williams and Pennybaker, 1954; Victor et al., 1961;  Barbizet, 1963; Drachman and Arbit, 1966) . In seizure patients Penfield, Scoville and Milner found memory losses after temporal lobectomy which they describe as maximised with the more extensive resections of hippocampal tissue (see review of their long-term study, Milner, 1972) . Gol and Faibish (1967) , after resection and/or combined stereotaxic lesions of hippocampal tissue in patients with intractable pain, observed memory deficits which varied with the size of the lesion but, in addition, appeared to be more influenced by damage to the overlying neocortex of the temporal lobe than by the hippocampal lesions. They concluded (p. 397 ) that 'bilaterally extensive hippocampal lesions did not produce the extreme memory deficits described by Penfield, Scoville and Milner'. They suggested that 'memory recording' including acquisition and retention, cannot be assigned simply to one part of the nervous system, citing, for example, Wernicke's syndrome where a severe memory deficit is present yet most of the pathology is in the diencephalon and the hypothalamus rather than in the temporal lobe and hippocampal structures.
Earlier investigators (for example, Victor et al., 1961) (McFie, 1960; Krayenbuhl et al., 1965; Perret et al., 1969; Ojemann et al., 1971) . Electrical stimulation in these structures also impaired the memory mechanisms (Ojemann and Fedio, 1968; Fedio and Van Buren, 1975 (Fig. 1) , and P4, (Fig. 2) ). On the fifth day after bilateral amygdalotomy, scores remained higher than the scores before operation (Sandler's A=0.247, P<0.05).
LEFT THALAMOTOMY COMBINED WITH AMYGDAL-OTOMY
In the left thalamotomy group there was a decrease in the associate learning scores in all patients who had undergone a previous amygdalotomy (50%, 71%, and 74%) when compared to the scores immediately before thalamotomy. It appears that the decrement of learning is greater when the left thalamotomy follows a bilateral amygdala lesion in contrast with a left amygdala lesion alone (compare scores of patients P1 and P2 with that of patient P3, Fig. 1 ). Learning impairment was greatest in the period immediately after left thalamotomy (compare the fifth postoperative day scores in patients P1, P2, and P3 ( Fig. 1) with the subsequent scores). Although there was some improvement in follow-up scores, impairment persisted for up to two years postoperatively (P2, Fig. 1 ).
RIGHT THALAMOTOMY COMBINED WITH AMYGDAL-OTOMY
After amygdalotomy a right thalamotomy resulted in increased scores in two patients (P5 and P6, Fig. 2 Spiegel et al. (1955) who found that patients with stereotaxically placed lesions in the medial dorsal thalamus showed temporal disorientation in addition to a memory deficit for recent and past events, and a decreased responsiveness to sensory stimuli. These authors postulated that multiple neuronal circuits participate in a specific behavioural act, and this is supported by their case in which transient temporal disorientation after lesion of the dorsomedial nuclei of the thalamus reappeared several months later when the lesion was extended in a frontal direction to include the anterior nuclei-mammillary system. The recent work of Ojemann (1974) and Fedio and Van Buren (1975) using verbal and non-verbal tests appears to confirm an alerting function of medial thalamic structures. These investigators concluded that the medial thalamus and the 'non-specific' thalamic nuclei, such as the centre median and reticular nuclei, together facilitate orientation to stimulus cues and direct attention to the verbal aspects of material presented in the external environment. Their data were interpreted as supporting an alerting mechanism operating in learning which labels or cues stimuli for their later retrieval. Also they feel that it is the left thalamus which evokes an alerting response that is specific for verbal aspects of stimulus handling, accelerating many higher mental processes, especially memory. Although the data in the present study support the contribution of medial thalamic structures to intact verbal skills, hemisphere dominance cannot be established firmly since cross-operative effectsthat is, right thalamotomy-left amygdalotomy, and vice versa-were not determined. 
